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ine ction Gu tis Ofte 


Opportunity comes like a snail and once it has passed 
you, it changes into a rabbit and is gone. What is 
opportunity? It is a chance to do something, to give 
something, to achieve something, to climb out of the 
rut, To be somebody of value in the world, Opportunity 
is life itself, 


-- Arthur Brisbane 
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Before going into the practical details of the various types 
of Radio Receiver circuits, we want to explain the action of 
all the main units and therefore will spend this Lesson on 
detectors. 


The earliest broadcast radio receivers used no tubes but had 
a detector made of a sensitive metal such as Galena, Silicon 
or Carborundum. A fine wire point, known as a "Cat Whisker', 
was moved around the surface of the crystal until a sensitive 
spot was se acl 


The action can best be explained by the circuit of Figure 1 
where we have a crystal detector in a cirouit with a battery 
and sensitive milliammeter. Connected as shown, the meter 
will register the current in the circuit but, with the crystal 
connections reversed as indicated by the dotted lines, the 
meter will read little if any current. 


the other direction 9 ‘has an extrenely Tit bablatenees This 


prinéiple holds for all types of detectors or rectifiers “and 
can—be—thought’ of as the change in current: when an equal volt- 
age is applied to eave resistances. _ 


In Figure 1 for Fp ere the battery. voltage and the circuit 


remain the same but the value of current.is changed by reversing 
the connections to the crystal. The change of current there~ 
fore must be caused by the difference of resistance in the 
éfystal, 


VACUUM TUBE RECTINIER 


To make use of this principle the auplicst, vacuum tubes had 

but two elements, the fil tor, cathode ‘and plate » and were 
therefore called "Diodes A circuit with a tube of this type 
is shown in Figure 2 and, “when the filament is heated, elec- 
trons are drawn to the positive plate. When the plate is nega- 
tive, the electrons are repelled and driven back to the filament. 


Begause a gow of electrons is considered as a current of elec- 


tricity, there will be current™=in the plate” circuit, only when 


the plate is positive, | Connecting a diode tube as in Figure 7 
2, during the alternation in which the upper wire is positive  /) / 
there will be current in the direction of the arrows. During (// 


tne-next-akternation, the plate will be negative, the electrons 
will be repelled and therefore there will be no plate current. 


Although connected to an A.C. supply, current in the A.C. sup- 
ply circuit of Figure 2 will not be alternating. While changing 
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in value with the changes of A.C. voltage, the current will 
be in the direction of the arrows only and is called a pulsating 
direct current, eT 5 


That is the action of the present rectifier tubes which are 
used_in the power supplies of Television; Sound and Radio 
equimment ‘ However , we are interested in déteetors at this 


pene + the bead way to see the entire action is by drawing 

a curve like that of Figure 3. Imagine we have the arrange- 
ment of Figure 2 but with an ammeter and voltmeter in the ‘ 
plate circuit, Instead of an A.C. supply, this time we have 
D.C. arranged so that we can make the plate either negative 
or positive, in respect to the filament, at any desired volt- 
age. 


Following the general plan used for three element tubes, we 
plot the plate current against the plate voltage. No actual 
values are Shown because we are interested only” ‘in the general 
pe af te ae = ae 


Starting over at the left, with negative plate voltage, the 
plate current is zero. As the negative voltage-is reduced, 
the current still remains at zero. As soon as thé plate ~ 
voltage is reversed and made positive, there is plate current 
and, as the positive voltagé is increased, the plate current 
increases.also, Notice however , the plate ae 





ly Sut 


lower part of Oy “curve. 


Keep this in mind as we will have more to say about it later. 

Notieealso, the similarity between this curve and the | grid 

voltage~plate current curve of a three element radio ase 
—w oa 


‘MOD ULATION =, 


To fully understand the Apiaptics action, you must have a clear 
idéa of the form of radio wave reaching the receiver. In case 
you have forgotten, Figure 4 at A, represents the high fre- 
quency carrier wave_prodieed-by-the oscillator at _the Broad- 
casting | Station and sent out from the transmitting antenna, 


For the Broaden 1st band, the frequency of this wave will be 

from 550,000 to 1,550,000 cycles and, as we explained in the 
earlier fer Lessons, our ears will not respond to these high fre- 
quencies. Notice also, the carrier waves all have equal ampli- 
tude_and will produce any sound _even if tuned in with a 
good receives; ~~. ~~ Se 
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Audio frequency, or sound waves, having a lower frequency, 
change less rapidly and usually are of an irregular shape. 
Thé curve at B, Figure | 4 is an example of a simple form of 
sound’ 9 wave. we oe 


In =e that the high. ‘frequency carrier waves will. transmit 


signels;~ they-are modulated and a modulated carrier wave is 
simply a combination of waves A and B, Figure 4, which can be 
shown by the form at -C. 


Notice here, the carrier wave of A is still used and has the 
same frequency but the amplitude of the waves. is varied so 
that a dotted line, drawn along the wave crests, Has™the shape 
of the audio wave at B. The modulated carriér wave of Figure 
4c is the form which reaches thedetector the purposé of which 
is” to to change the y wave back to the alidio form of B. ~~~ 


is its name implies, the carrier wave is used to carry the i 
‘Budio f¥equencies from the “transmitting to the receiving sta~ 
“tion and the detector, or “dénodilator , changes the modulated 
‘carrier waves back to the low aneddency audio © waves, 


CHARACTERISTIC CURVES 


To follow a modulated carrier wave through a three element 
radio tube we are going to use the characteristic curves ex-— 
plained in an earlier Lesson on tubes. In Figure 5, we show 
the usual grid voltage plate current curve and you will see 
there is a plate current of 5 MA. with zero grid voltage. As 
the grid is made positive, the “plate. current inoreases but; 
with the grid made negative. » the plate current is reduced, 
“dropping to zero at about 5-3/4 volts. Notice here, the lower 
part of the curve is about the same as the positive half of 
Figure 3, , 


To show the action when an alternating voltage is applied to 
the grid, we have drawn the sine wave in the upper center of 
Figure 5. -Reading down to the grid voltage scale, you will 
see the A.C. has a maximum value of 2 volts. 


Starting at the top of this curve » with O grid voltage, there 
will be a plate current of 3 MA. Following the curve down, 

it goes to 2 volts negative which, as shown by the grid~volt- 
age-plate current curve, reduces the plate current to 1-1/4 MA. 


Then, as the voltage curve comes back +0 zero, the plate cur- 
rent increases to 3 MA. but when the voltage curve reaches 2 
positive, the plate current has increased to 4-5/4 MA, 
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Plotting these values, we ‘draw the curve at the right and find 
it has the same general shape as the voltage curve. Or saying 
it_in another way, anvalternating voltage applied to the grid 
will produce an alternating variation of current in the plate 
circuit. 


The important point to notice here is that the equal alterna- 


oe 


tions ofgrid-voltage produce..equal.changes of plate current. 
ea snecninone a — a 





agers so eeetint ne stey 


“Starting at zero grid voltage with a plate current ot 3 MA., 
® volts negative reduces the plate current 1-3/4.MA. In the 
Same way, when the grid was 2 volts positive, the plate current 
was increased 1-3/4 MA., from the 3 MA. at zero grid voltage. 


If the voltage wave of Figure 5 is like that of Figure 4-A, 
these changes of plate current will take place so rapidly that 
no sound will be heard in the speaker. From an electrical 
standpoint, as these rapid changes are equal, the average plate 
current will not change and therefore will not operate any sound 
producing device. 


The trouble with conditions as shown in Figure 5 is “caused by 
the fact that the grid is positive part of the time. When the 
grid is positive it allows current in the grid circuit.and 
causes distortion of the wave. 


To remedy this trouble, in Figure 6 we have placed a 3 volt 
negative bias on the grid but, to keep the values about the 
same as in Figure 5, we still have a plate current of 3 MA. 
at zero grid voltage. The negative grid voltage is. secured 
by the use of a C battery or grid bias resistor. 


Now, comparing Figures 5 and 6, you can see that like values 
of grid voltage produce like changes of plate current. Here 
however, the grid voltage varies from 5 negative to.1 nega~ 
tive and is never positive while the average value of plate 
current is lower. 


We want you to notice here that in both Figures 5 and 6 the 

signal voltage varies from 2 volts positive to 2 volts. negative. 

In Figure 6, with the steady 3 volts negative of a © supply, 

adding the signal voltage makes the grid voltage vary from 

& neg. plus 5 neg. or 5 negative to 2 pos. plus 3 neg. or 1. 
negative, : 
Eyery change in grid voltage can be carried to the character~ | D4 
istic curve, as shown by the heavier lines, to find the a 
ponding value of plate current, Notice however, in both Figur = 
5 and 6,°we are operating on the straight part of the character- 
istic curve keeping above the bend at the lower end. Increasing 
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the plate voltage lengthens the straight part of the curve 
and therefore the voltage swing-of the grid can be increased 
without” causing distortion. 


IDEAL DETECTOR 


If we could build a tube, or other device, having a perfect 
straight line for the entire length of its voltage-current 
characteristic curve we would have a perfect rectifier. The 
curve of the diode tube, shown in Figure $, comes close but 
the slope of the curve changes at the lower end, This change 
in slope is found in all present day aetectors and, toa great 
extent, determines the amount of distortion. 





Perhaps the most common method of Jenoauiaiiies, in present day 
receivers is the "Diode Detector". This type oi detector makes 
use of a two element, or diode, “tube and for a simplified ex- 
planation of the action, we will again refer you to Figure &. 


For this explanation however, we want you to assume a load in 
series with the lower lead between the filament and the A.C. 
supply. This load can be assumed as a resistor and we will 
refer to it as Rl. It will possibly help you to follow our 
explanation by actually drawing this load, Rl, on Figure é. 


As RL is in series with the tube, all the current in the cir- 
cuit must pass through it and thus there will be a voltage 
drop across it in proportion to the current and the ohmic 
value of the load. With an A.C, supply, there will be cur- 
rent only in the direction of the arrows and the voltage drop 
across Rl will be in the form of pulsating D.C. In other 
words, this voltage drop across Rl.will be similar in shape 
to the positive alternations of the applied A.C. 


Now, if a condenser of the proper value is placed across, or 
in parallel to, RL it will charge on the peaks of these volt- 
age pulses and discharge as the voltage decreases, This will 
tend to maintain a steady D.C. voltage across Rl and it may 
help you to think of the condenser as filling in the gaps be- 
tween the positive alternations, by its _charging and discharging 
action. : _ 
The above is a simolified explanation of what takes place in 
a diode detector but, to establish the idea more- firmly in. 
your mind, we will use the same circuit again, with Rl and 
the condenser. This time however, we will assume the modula- 
ted carrier of Figure 4C is applied as the A.C. source, 
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Analyzing the wave of Figure 4C, you will notice that the peaks 
vary in amplitude. ‘Thus, when applied to the plate of Figure 
2, the peak values of current in the circuit will also vary 
and cause the peak values of voltage drop across Rl to vary in 
accordanse with the input voltage. Without taking the conden- 
ser action into consideration, the wave form across Rl will be 
similar to the positive alternations of the carrier of Figure 
40 with varying degrees of amplitude, awa to zero after 
each alternation. 


However, by the charge and discharge action explained above, 

the condenser keeps the voltage fron dropping to zero and tends 
to maintain the voltage drop across Rl at the peak values. 

The result is a final wave form similar to the broken line 
shown across the tops of the positive alternations of Figure 4C. 


This broken line.conforms to the shape of the original sound 
wave of Figure 4B and thus the above circuit has achieved the 
purpose of a_ detector which is to separate the original sound 
from the carrier. You can see however, in order to accomplish , 
{his action, the condenser should be large enough to smooth 
out the high frequency variations but not be so large as_to 
eifect the anew variations. 

In bscthcal diosa detectors, it is generally found necessary 
to provide a filter with the arrangement shown in Figure .7. 

We want you to assume the combinations of Cl-Ll and C2-L2 form 
the primary and secondary of the last I.F. transformer in a 
superheterodyne receiver, resistors Rl and Re form the load 
while condensers C3 and C4 give the needed condenser’ action 
and at the same tinfe, with Rl, form a high frequency filter. 


The action here is the same as previously explained for Figure 
@ and, in Figure 7, assuming L2 as the voltage source, when 
the plate is positive in respect to the cathode, the current 
will be from the plate, to cathode, to ground and, to complete 
the circuit, from ground up through R2 and R1 to the lower end 
of Iz. 


The rectified voltage therefore appears across Rl and R2 but, 
as Rl is part of the filter, the audio voltage across it is 
lost’ and the useable A.F, is that which appears across R2. 
This Signal is then applied, through a coupling condenser, to 
the grid of the first A.F. amplifier tube. A filter, like ~ 
ee in Figure 7, reduces the useful output voltage by “the 

ahio R2/(R1 + R2) ag a result of the voltage drop in Rl, Due 
Fs this ratio, it is. common practice to make R2 several times 
the salts of RI. 


The Sings method ah demodulation has the advantage over other 
) nethoas™ In that its characteristic more closely approaches . 
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that of the ideal detector and thus it produces less distortion. 
It has the disadvantages that it does not amplify the signal 
and draws current fron the input circuit thereby reducing its 
selectivity. 


However, because the diode method of detection produces less 
distortion and permits the use of simple automatic volume con- 
trol circuits without the necessity of an additional voltage 


“supply, it is most Widely used in broadcast radio receivers. 


GRID BIAS DETECTORS 


&-second method of demodulation uses a . three element tube with 
a negative grid bias and is called, "Grid ‘Bias Detection", 
"Plate Detection", or "Plate - Rectification". 


To understand the action, in Figure 8 we again have a grid 
voltage-plate current curve, similar to those already explain- 
ed but, this time, have used values of B and C voltage which 
cause the tube to operate on the lower bend of the curve. 


In our former explanations we told you that, to avoid distor- 
tion, like values of positive and negative grid voltage must 
produce equal changes of plate current and to produce this 
action, the tubes are operated on the straight part of the 
curve. To make the tube operate as a detector, wé adjust the 
voltage values and make it work on the bend of the curve. In 
other words, we want distortion. 


Comparing the curves of Figures 6 and 8, each have 4 negative 
grid bias of 3 volts but for Figure 8, the plate voltage has 
been reduced until we have but 2 MA. in the plate circuit at 
zero grid voltage. 


As far as the A.C. signal voltage is concerned, the 3 volts 
negative is zero, and here again we have an A.C. wave with a 
maximum of 2 volts. When the A.C. grid voltage is zero, the 
3 volt bias allows a plate current of but .44 MA. When the 
A.C, is 2 volts negative, the grid is 5 volts negative and 
the plate current is reduced to .12 MA. Checking up, you 


_ will find an increase of 2 volts negative on the grid: reduces 


the plate current .52 MA. 


With the A.C. signal 2 volts positive in combination with the, 
3 volt bias, the grid is 1 volt negative which, according to 


-the curve, allows a current of 1,25 MA. Checking up here, an 


a 


imcrease of 2 volts positive on the grid increases the plate.. 
current by .8l MA. 


From these figures, you can see that like changes of grid volt. 
age cause tnequal changes of plate current and .its wave is 
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distorted. The changes of plate current are plotted at the 
lower right of’Figure 8 and show the distortion very” chearly« 


Notice also, without an A.C. voltage.on the grid, the value 

of plate current is at the dotted line A. When an A.C. volt- 
age is applied, the positive alternations cause an increase 

of plate current greater than the reduction caused by negative 
alternations of equal value. For that reason, the A.C. grid 
voltage causes an increase of the average plate current. How- 
ever, if the A.C. voltage waves are all of equal amplitude, 
the average plate current will remain at a constant value and 
therefore will not operate a speaker. 


Using the curve of Figure 8 and a modulated wave similar to 
Figure 4C we have drawn the curves of Figure 9. Notice here: 
that while the negative A.C. grid voltages do not reduce the 
plate current to zero, they cause but a small change in pro- 
portion to the positive A.C. voltages. 


The result is the wave at the lower right and the average cur~' 
rent has the same general wave form of Figure 4B. While not 

a perfect rectifier, the detector of Figure 9 distorts. the 
A.C. grid voltage waves to such an extent that the changes of 
average plate current are at the same frequency as those which 
modulated id carrier-wave. 


GRID BIAS DETECTOR CIRCUIT 


So far, we have done our explaining by means of characteristic 
curves but, in Figure 10, we have the circuits for producing . 
the action of Figure 9. Like the Radio Frequency Stages ex-° 
plained in earlier Lessons, here we have the resonant circuit 
made up of coil L2 and the variable. condenser C. 


The C bias is secured by means of the resistor Rl and its by~. 
pass condenser Cl, connected in series with the cathode cir- 
cuit. In order that the tube act as a detector, values of 
grid bias and plate voltage are used to make it operate on 
the bend of the curve as explained for Figure 8. 


The value of C bias voltage is. governed by the amplitude of 

the signal voltage wave. As we explained for Figures 5 and 

6, we do not want the grid positive. It is necessary there- 
fore to have the bias voltage of a value, equal to, or a little 
greater than, the signal voltage on the grid. The number of 
amplifier stages ahead of the detector will, in a great measure 
control the signal voltage, Then, with the proper value of 
grid bias, the plate voltage is adjusted until the tube operates 
at the proper point.of its curve. 
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Earlier in the training, we gave you a table of tube character~ 
istics, in which you will find the correct values of voltage 

on the different elements of a tube in order for it to operate 
as a bias detector or amplifier. By applying these voltages, 
the tube will operate on the desired portion of the character- 
istic curve. 


With the tube working properly as a detector, there will always 
be some radio frequency current in the plate circuit. To pro- 
vide a low resistance path for this radio frequency, the con- 
denser C2 is connected from the plate to the negative return. 
You can think of the action here about the same as that ex- 
plained for regeneration and will often find a choke coil, as 
well as a condenser to prevent radio frequency current from 
getting into the audio frequency circuits. 


The modulation, or sound signal, is developed across the load 
resistance k2 from which it is applied to the grid of the 
first A.F. amplifier through a coupling condenser and grid 
load which form a resistance coupled stage. 


GRID LEAK DETECTORS 


= The tied method of demodulation is the grid leak and conden- 
6r type, the circuits of which are shown in ‘Figure Lei Eb 
is more eee than the grid bias detector because it acts 
as an amplifier as well as a detector. The action here is 
more complicated and can be best snown by means of the curve 
of Figure 11 where we have plotted the grid current against 
the grid voltage. 





In our former explanations we told you there was no grid cur- 
rent with a negative grid voltage. However, by using an ex— 
tremely sensitive meter and measuring in "Microamperes", we 
can plot the curve. A microampere is equal to one millionth 
of an ampere and as the curve of Figure 11 shows but 2 micro- 
amperes at zero grid voltage and zero grid current at 6 volts 
negative, for most exolanations this extremely small current 
need not be considered. 





While not exactly correct, we have drawn the curve of Figure 
11 like that of Figure 8 to show that like changes of grid 
voltage cause unequal changes of grid current. 


Looking at the circuits of Figure 12, the radio frequency 
voltage of the tuned circuit, IL2-C, acts across the grid cir- 
cuit. Tracing the grid circuit, we find the resistance Rl, 
with condenser Cl across it, is in series with the grid. The 
condenser Cé is an R.F. bypass and resistor R2, the load across 
which the A.F. signal will appear, as explained for Figure 10. 
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The grid current, shown by the curve of Figure 11, will travel 
from the grid, to the cathode inside the tube and, to complete 
the circuit, back through L2 and the grid resistor Rl of Figure 
12.@ As we have told you many times, current in a resistance 
causes a voltage drop. Here then, with the direction of current 
toward the grid, the voltage drop across Rl will make the grid 
negative in respect to the cathode. For the ordinary detector 
of this type there should be a drop of from 1 to 2 volts across 
Rl. 


At point A, Figure 11, there is a grid current of approximately 
1/2 microampere and using Ohm's Law, it will require a resis- 
tance of 2,000,000 ohms for this current to cause a drop of 1 
volt. For high resistances, we take 1,000,000 ohms as a unit 
and call it a megohm, therefore Rl of Figure. 12 néeds a resis- 
tance of 2 megohms to produce a one volt drop. 


The value of this resistance, commonly called a "Grid Leak" 
determines the operating point "A" on the curve of Figure ll, 
The higher tt the resistance of the grid leak, the greater the 
voltage drop across it, and “the more negative the operating 
point. ELE 


GRID_CONDENSER VALUES _ 


On account of the action inside the tube, the grid current 
wilt be in one direction only-but the high frequency a-c 
signal voltage will cause some high frequency-curvent, These 
currents can not pass through the high resistance of the grjd 
leak therefore the condenser C1, Figure 12, is” necessary as a 


bypass. 


If the peckatiie of the condenser is too small, it causes a 
loss of radio frequency voltage and prevents the pax sig- 
nal strength on the grid. = 


If the capacity of the condenser is too large, the audio. fre- 
quency currents, used to cause the voltage drop across the 
grid leak, will be bypassed, However, the common values of 
grid eondenders are .000lmfa, .00025 mfa-and sometimes. 

mfd, capacity, The » 00025 mfd size is by far the most common. 


ae —————— 


DETECTOR ACTION 


Keeping all these actions in mind, the effect of the signal 
voltage on the grid is to cause the changes of grid current 
as shown in Figure 11, Like the action of Figures 9 and 10, 
the average value of grid current is the same as the audio 
frequency of the modulated carrier wave. 
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As the grid current increases, there is a greater voltage drop 
across the grid leak and thus a greater negative grid bias. —-—~ 
This increase of negative grid voltage causes a decrease in ss 
plate current. The plate current therefore will have the same ss LF 
audio frequency as the grid current but will reduce as the etl 
grid current increases, F 


= 
\ 
} 

/ 
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For the grid bias detector of Figure 10, the signal voltage 

on the grid caused an increase of plate current. For the id == 
leak detector, the signal voltage on the grid causés a decreas / Ss 
» Sar ee — 

of plate current, or the eri etector however, the —— 


changes of grid voltage cause corresponding changes of plate 
current the same as explained for the amplifier tubes. 


The action of the grid leak detector is often explained with- 
out any mention of grid current. Suppose the grid leak of 

Figure 12 is omitted. Then the condenser Cl will prevent any 
direct current in the grid circuit. As the signal voltage is 
impressed on it, the grid is first positive and then negative 
in respect to the cathode. While positive, it attracts elec- 
trons, but when negative there is little if any attraction. 


These electrons cause the grid to be negatively charged and 
each time the signal voltage makes the grid positive, more 
electrons are attracted and the charge is increased. The 
condenser Cl prevents the electrons from escaping and thus 
the negative charge on the grid increases. The usual tube 
action takes place and the negative grid reduces the plate 
current. 


If allowed to continue, the negative grid charge would increase 
and reduce the plate current to such a low value the receiver 
would not operate. The high resistance grid leak, connected 
across the grid condenser, forms a leakage path for the elec- 
trons, allowing them to escape and thus the grid loses its 
negative charge and returns to normal, or zero potential, 


Being used as a leakage for the electrons, the grid leak can 
be connected across the condenser, as shown in Figure 12, or 
connected from the grid to the cathode. 


SENSITIVITY 


Due to its amplifying action, the grid leak detector is more 
sensitive than the grid bias or plate detector. The sensitivity 
of the grid leak detector increases up to a signal strength of 
about 1/5 of a volt and holds good up to the limit of the tube, 
The steepness or slope of the grid voltage-plate current curve 
determines the amplification, The steeper the slope, the greater 
the sensitivity. pend 
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The bias and diéde detectors, while not as sensitive, have the 
advantage of being able to handle -stronger-signals. without dis- 
tortion.—In general,—you-willfind grid leak detectors used 
for weaker signal voltages but, where the signal is built up 
with several stages of high frequency amplification, ~ the bias 


and diode detectors are, employed. 
POWER DETECTORS 


Although used a great deal in advertising, electrically there 
is no exact meaning for the term, "Power Detector". A power 
detector uses the same type of tubes and clreults we have ex- 
plained in this Lesson. 


To improve the tone and reduce noises of receivers, many de- 
signers decided that but one stage of audio amplification 
should be used. To secure sufficient volume, the detector 
output had to be increased. 


The power detector then is designed to handle an input signal 
of several volts without distortion. The difference between 
ordinary and power detectors therefore is only in the strength 
of the signals that can be handled. While both the grid leak 
and grid bias types are used as power detectors, the diode: 
type is perhaps the more common. It has the natural ability 
to handle stronger signals and, using a high gain R.F. or I.F. 
amplifier, {ts Lack of sensitivity does not affect the sensi- 
tivity of the receiver. 


LINEAR DETECTION 


A linear detector produces changes in output current which are 
proportional to the changes of input voltages... There are no 
perfect linear detectors because all have a certain amount of 
bend in their characteristic curves. For weak signals, the 
detection is as-we have explained but, for strong signals, the 
action approaches "straight line" or linear detection. 


The advantages of power detection are important enough to make 
their use worth while. By applying a stronger signal, linear 
detection is obtained and distortion reduced. Using but one 
stage of audio amplification, distortion is further reduced 
and because most of the amplification is at a high frequency, 
hum, tube noises and other interference is reduced. 


~ 


~~ AUPCMATIC VOLUME CONTROL 

Automatic volume control, commonly abbreviated "A.V.C." was 

briefly mentioned in the earlier Lessons but, because of its 
application to practically all present day commercial super- 
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heterodyne receivers, we want you to have a more complete 
understanding of its action and therefore will spend the bal- 
ance of this Lesson on the subject. 


——————. ne 





When we stop to consider the usual conditions of Signal input, 
it is not difficult to understand why "A.V.C." has been so 
universally applied to radio receivers. The waves cutting 
the antema of most any radio receiver installation will be 
of various amplitudes depending on the strength of the trans- 
mitter and their distance from the receiving station. In the 
case of weak carriers, the signal strength may be as low as 

2 or 3 microvolts whereas with a powerful local transmitter , 
it may be as high as 1 volt. : 


Therefore, without A.V.C., tuning the receiver from a weak to 
a strong signal, without changing the gain or volume control, 
would result in a very loud, and probably distorted, sound 
from the speaker. However, this difficulty commonly referred _ 
to as blasting, can be minimized with automatic volume control. 


econ A 


Then also, as explained in an earlier Lesson, a change in the 
Kennelly-Heaviside Layer produces a variation of signal strength. 

He effect of this phenomena, commonly called ‘Fading! can be 
reduced to a low value by applying A.V.C. eee pe 


Going back to the earlier Lessons on vacuum tubes, you will 
remember that an increase of the negative bias voltage, applied 
to the control grid, reduces the plate current and likewise 
reduces the gain or available amplification. If we express 
this condition in relation to the sensitivity of a receiver, 
rather than gain or amplification, it means that an increase 
in negative control grid bias, applied to the R.F. and I.F. 
stages of a receiver, reduces the sensitivity of the complete 
system. 


Thus, if we devise some method of automatically changing the 
negative control grid bias on the R.F. and I.F, stages of a 
Radio receiver, in proportion to the incoming signal strength, 
an automatic control of the sensitivity is secured. This will 
provide an approximately constant signal level at the detector 
yhich, in turn, will result in a constant audio output although 
there is a change of signal strength in the antenna. This is 
the general method employed in present A.V.C, circuits and the 
following explanations will show you how we are able to obtain 
this "automatic! control of the negative grid bias voltage. 


RECTIFIER ACTION 


Due to the amplifying action of the radio and intermediate 
frequency stages of a receiver, the carrier wave has its 
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greatest strength et the demodulator or detector. Therefore, 
we Will investigate its action to determine if it is possible 
to obtain a-D.C: voltage which will vary with the Applied sig- 
nal and be ayailable as a negative bias to ‘the control grids_ 


“of the R.F. and I. Fe Stages: 


co —_— 

Looking at igure 15, which is a simplified arrangement of 
Figure 7, we have tube Tl, as the last I.F. stage of a super- 
heterodyne receiver, coupled to a diode second detector T2, 

by the I.F. transformer consisting of a tuned primary and 
secondary. As you know, the diode detector is really a recti- 
fier and perhaps it will help you to follow our explanation 
by considering the secondary of the I.F. transformer as a high 
voltage winding of a power transformer, the tube and load re- 
sistance Ry conpheting the circuits of a “conventional halt 
wave rectifier systen. 

eee ee 


ns) 


Since we are interested in obtaining a fairly high D.C. volt— 


age le pecause co _is -S8SORTtaL to BBpLY a are RICE on ane. 


of “several “hunieee SHOUSETS ae 
instal Ted to providéwa path for th 
owrents so they will not pass th rough | rane Tesi aor 7 


From.the.earlier explanations, you feache that a diode rectifier 
is essentially a linear rectifier whith means that an increase 
of input results in 4 proportionally greater output... For” 
sisptictty-of-explanatiton,, we will assume a 2 to 1 ratio be- 


“tween the carrier voltage and the rectified D.C. That is, 
eae 10 volt carrier across He secondary L, a D.C. voltage 
f 5 voltS“will appear across” the Toad” Fesistor RD Thus, if 


f carrier increases, the” D. C. ‘voltage ¢ output 








\ 


However, from your study of the diode detector, you know that 
the voltage appearing across R, with a modulated 1,F. input, 
is going to vary with the modulation and is therefore not 
steady, but pulsating D.C. In this form, it is not possible 
to employ it as the control voltage for A.V.C. because its 
variation at an audio rate, representative of the modulation 
component of the carrier, would be the equivalent of applying 
an audio signal to the 2.F. and I.F. stages. 


This pulsating D.C. however, is made vp of two parts, or com- 
ponents. One part is the modulation component and the other 
is the steady D.C. voltage. The next step therefore is to 
separate these two voltages so that the steady D.C. can be 
made available for the A.V.C. control voltage. 
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The method by which these are separated is exactly the same 

as in any other system wherein. we wish to remove the A.C. com- 
ponent from a pulsating D.C. voltage. You will notice that 
the netwerk used for this purpose, as shown in Figure 4, is 
very similar to the conventional type of filter found in the 
normal power supply system, In comparison, resistors Rl and 
Re occupy a position similar to that normally occupied by the . 
filter chokes in a power supply and condensers Cl and C2 occupy 
the normal filter condenser positions. Considering all. facts, 
the filter system. employed in an A.V.C.. circuit, to.securea 
pure D.C “output;—is~basically the same as the- filter employed 
in a conventional power supply system. © 


ACTION OF A.V.C. FILTER 


The action of the A.V.C. filter network is not hard to under~ | 
stand and we want you to imagine the circuit of Figure 14 is 
connected across the. output of Figure 13. That is, point A 
would be connected to the lower end of L, with point Bucon=" 
nected to ground. Thus, between points A and B there will be 
a steady D.C. voltage plus an A.C. voltage but, in analyzing 
the action, we will consider each of these voltages separately. 


As we are interested in the steady D.C. voltage as a source 
of control grid bias, we see condensers Cl and C2 are connected. 
so that the circuits of Figure 14 will not allow D.C. current 
; ween "A and "BNC Consequently, there is no direct’ current 

Linn or R2 and therefore no D.C. voltage drop across them. 
Thus, the D.C, voltage output of the filter, between points X 
and Y, is equal to the D.C. voltage input between points A and 
B. The fact that there is no direct current through the filter 
‘system is the factor which permits the use of high resistances 
in place of the low D.C. resistance filter chokes used in the 
conventional power supply filter circuits. 


In the case of the A.C. component, the action is entirely” 
different. In the first place, the capacities Cl and C2 are 
chosen to have a low reactance at audio frequencies. This 
means that only a small A.C, voltage will be developed across 
the first filter condenser Cl because of its relatively low 
impedance with respect to the first resistance Rl.: This 
small A.C. voltage across Cl is further reduced by the same 
action in the RR-C2 combination with the result that very 
little A.C.-.voltage appears across C2, which. is the output of 
~the filter, 


To make use of some definite quantities, we will assume R1 
has a value of 1 megohm, R2, 500,000 ohms and the condensers 
Cl and C2 each .05 Mfd., with a poaetance of 10,000 ohms at 
some definite frequency. To make our example ednplies we will 
consider this reactance as a resistance and also assume that 
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the signal input to the filter is composed of a 5 volt A.C. 
component and a 5 volt D.C. component. 


With a 5 volt A.C. signal across AB of Figure 14, there will 

also be a 5 volt A.C. drop across R1-Cl. Following the rule 
that voltage drop is proportional to the resistance, when R1 

= 1,000,000 ohms and Cl = 10,000 chms, the voltage drop across 
Rl will be 


"1000000 
ERl = 7009500 ry 10900 x 5 = 4.95 Volts 


while for condenser Cl, 


pat Eee OOOO oa ahd 
Hey= 700000 + 10000 * © = + Volt 
As the combination C2-R2 is connected across Cl, the applied 
voltage is .05 volt. With R2 having a value of 500,000 ohms 
and C2, 10,000 ohms, the drop across R2 will be 


\ 500000 sae: 
faa SOONGO  T aOn eee eae) Volt 


while for condenser C2, 


eee OOOO = e 
Ego = 500000 + 10000 * «05 = .001 Volt 


Thus, the filter system has attenuated the A.C. component so 
that at the output of the filter, the A.C. voltage is equal 
to about 1/5000 of the A.C. voltage present in the input of 
the system. 


To continue our explanation, the filter has no effect upon 
the D.C. of the detector output, which is the part we seek 
for automatic volume control purposes. Inasmuch as we have 
stated there is no direct current through the filter, the D.C. 
voltage across the output is approximately equal to the input 
which, in this case, is 5 volts. 


Although the above explanation is correct for a definite con- 
dition, in actual practice the filter system must be capable 

of separating the A.C. and D.C. components for all frequencies 
in the audio spectrum. You know the reactance of a condenser 
varies inversely with the frequency and therefore, at the lower 
end of the audio band, the efficiency of the filter described 
above will be reduced because the ratio of reactance to re- 
sistance will be reduced. That is, the reactance of the filter 
condensers will increase while the ohmic value of the resistors 
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will remain approximately the same. As the voltage drop across 
the circuit is in proportion to the resistance and reactance, 
the drop across the condenser will increase, allowing a great- 
er A.C. voltage at the~output of the filter, 


However, at the higher freyvencies, the efficiency of the filter 
will be increased due to the reduction of the capacity reactance 
of the filter condensers. This gives a lower voltage drop across 
Cl and C2 of Figure 14 and therefore, a lower A.C. voltage at 

the output of the filter. 
In analyzing this, one's first thought is that the values of 

the filter components should be so chosen as to give good 

efficiency at the low audio frequency. This would, of course, 

mean increasing the capacity of Cl and C2 or increasing the 

values of the filter resistance Rl and h2. A design of this 

type would give the desired D.C. component but, at the same time, 

would slow up the "speed of action! of the’ A.V.C. system. In 

other words, the time delay of the system would be too great for ff 
efficient "A.V.C." action and therefore a compromise between 
filtering efficiency~and time delay must be made in the practi- 
cal design. t 


By the addition of the filter of Figure 14 to the output of 
Figure 15, we have available a steady D.C. voltage which will 
vary in value with the applied modulated I.F. voltage. So 
far, we have said nothing about the polarity of this voltage 


but by checking the circuit of Figure 13 and considering the oa 
direction of current to be from plate to cathode, the voltage ¥ 
drop across R will be vositive at the cathode and negative at 


the end connecting to the 1.F. transformer. Therefore, with 
the filter of Figure 14 connected as before, point X will be 
negative in respéct™to-peint.Y_or ground. 


With a 10 volt I.F. signal applied to T2, Figure 13 and assuming 
a to 1 ratio between the applied voltage and D.C. output, 
there will be a 5 volt drop across R. With the filter proper- 
ly connected, and no D.C. current, point X of Figure 14 will 
bs 5 volts negative in respect to point Y. If the I.F. signal 
is increased to 50 volts, then point X will be 25 volts negative 
in respect to point Y. = rah 
Thus, we have accomplished what we set out to do and that was 
to_ obtain a negative igi which would_be automatically con— 
rolled by the strem of the modulated carrier. _if the con- 
trol grid-of-a tube weré connectéd to point X of Figure e 14, 
with the cathode connected to point Y, its bias voltage would 
increase or decrease with the strength of the carrier voltage 
and its sensitivity or gain would be automatically controlled. 


mee eNO ITSM 
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NA... CIRCUIT 
Now that we have explained the action of the A.V.C. rectifier 
and filter, in Figure 15 we have the complete circuit showing 
the connection to the grid of a tube controlled by A.V.C. In 
checking through this circuit, you will notice tliat we have 
combined figures 15 and 14 and have added the grid and cathode 
circuits of Tl. 


In the cathode circuit of Tl, Figure 15, we have the resistor 
R5 with its bypass condenser 03. The control grid circuit of 
TL is from the upper end of the I.F. transformer secondary L, 
through R2, Rl, R to ground, and is completed from ground 
through Ré to the cathode. Thus, with no signal input to 
operate the A.V.C., there will still be a bias voltage on the 
control grid due to. the voltage drop across R3 caused by the 
plate and screen currents of Tl. 


With adequate capacity in C3, the voltage drop across R3 can 
be assuned as constant and therefore the negative bias on the 
control grid of Tl will not be lower than the drop across R3. 
This may bring to your mind a question as to the necessity of 
this minimum bias voltage but, you must remember that most 
tubes operate at their maximun efficiency with a definite bias 
voltage. Therefore, the ohmic value of R3 is chosen so as to 
give the required voltage drop for maximun sensitivity of the 
stage. Used in this way, the voltage drop across RS is common- 
ly referred to as the "initial! bias voltage. To illustrate 
with definite values, we will assume this drop to be 3 volts, 

iving an initial negative bias of 3 volts on the control grid 
of Tak, 


Now let's see what happens when a carrier voltage from the 
secondary Lis impressed on the control grid of Tl. As Tl is 
an I.F. amplifier tube, the signal will be amplified and appear 
in the plate circuit which contains Ll, the primary of the I.F. 
transformer. Because of the inductive coupling, the signal 
voltage will appear across the secondary Le and be impressed 

on the detector T2 and resistance R. Let's assume this signal 
has an amplitude of 10 volts and, with a 2 ue 1 ratio, there 
will be a 5 volt steady D.C. canponent across R. 


As "RM! is in its return circuit, this voltage is applied to 
the control grid of Tl and it will be 5 volts negative in re- 
spect to ground. However, the cathode is the reference point 
of the tube and we must consider the voltage drop across R3. 
Checking the polarity of the voltage drops across R3 and Rl, 
you will notice they are in series and thus the negative bias 
on Tl is now 5 + 3 or 8 volts, resulting in a reduction in the 
Sensitivity of the I.F. stage. 
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From the above explanation, you can see that the A.V.C, action 
tends to maintain a uniform output from the detector regardless 
of the Signal strength at the input of the receiver, A.V.C. 
ation is not perfect and the output of the detector is not 
the same for all values of input. However, a receiver equipped 
with A.V.C. is far superior in operation and constant output 
than one without this feature. By distributing the steady D.C. 
voltage output of the A.V.C. filter to the control grids of 
several tubes, the desired degree of control over the amplifi- 
cation in the R.F. and I.F. systems is obtained. 


_ DELAYED A.V.C. SYSTEMS 


The simple A.V.C. system of Figure 15 becomes effective in re- 

ducing the gain of the I.F. or R.F. stages even on the weakest 

Signals and therefore is really a disadvantage at low input 

signal levels. To overcome this defect, a little different 

design has been developed which, because of its action, is 

called "Delayed A.V.C.", ¢ 
Wire ere rcrreerreeeyee i : rs 
Fundamentally, the action of a delayed A.V.C. system depends 

upon the fact that the generation of the A.V.C. voltage is 

"delayed" until the input signal to the receiver reaches a 

certain predetermined value. As an example, we can say that 

the simple A.V.C. will operate at all signal levels above 1 

microvolt while the delayed A.V.C. will not function until 


the level is greater than 50 microvolts. Therefore, with x 
delayed A.V.C., the receiver will operate at its maximum x 
efficiency on all signals of less than 50 microvolts. Using 4 
the simple system, the A.V.C. will be operative at all signal 


strengths and thus reduce the sensitivity of the receiver on : 
weak signals. 


These actual values are given only as an illustration and 
should not be considered as standards for receivers which em— 
ploy delayed A.V.C. systems. You will find some receivers 
which operate over these limits, others designed so that the 
A.V.C. functions at less than 50 microvolts input and still 
others at more than 50 microvolts input. 


The value of signal strength, at which the A.V.C. starts to 
function, is known as the threshold voltage. For values of 
input below the threshold voltage, the receiver will operate 
at its maximum sensitivity, as the initial bias voltage is 
the only negative voltage on the control grid. 


To show you just how this delayed action is accomplished, in 
Figure 16 we show the conventional circuits of a delayed A.V.C, 
system. Checking through the circuits, you will find an I.F. 
amplifier tube Tl and a duo-diode T2, which functions as a 
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second detector, or demodulator, and A.V.C. rectifier. In 
reality, T2, consists of two half wave rectifier tubes in one 
envelope. 


Following the signal through the demodulator, we start with 
coil L, go to the control grid of Tl, to the plate and then 
through the I.F. transformer windings Ll and L2, the output of 
which is applied to plate, Dl, of tube T2 and condenser C5. 
From the plate Dl, the circuit is completed through the cathode, 
R4, back to the lower end of L2. The condenser C4 provides a 
low resistance path for the intermediate frequencies and thus 
allows the audio component to develop a voltage drop across R4, 
which is shown as a potentiometer and the source of the audio 
signal, as Eened earlier in this Lesson.— —ay 


Forgetting the signal for the time being, let's trace the cir- 
cuit of the other half wave rectifier of T2. Starting at the 
plate "D2", we find it connected to one side of C5, which is 
considered as the source of the signal voltage, and also to R, 
the lower end of which is connected to ground, the circuit being 
campleted through R5'to the cathode. 


Now, notice that RS, R6 and R7 form a voltage divider from B+ 
to ground and as the cathode is connected to a point between 
R5 and R6, it must have a positive potential in respect to 
ground. With zero current in R, the plate, D2, is at ground 
potential and will be negative in respect to its cathode. 


From your study of vacuum tubes, you know the plate should be 
positive, in respect to the cathode and therefore, with a nega- 
tive plate, there will be no plate current. In order to have 
eurrent in the plate circuit of D2, the signal must develop a 
plate voltage greater than that on the cathode and when this 
occurs, the path of the current will be from the plate D2, to 
the cathode, through R5 and R to complete the circuit. 


With current-in this direction, the polarity of the voltage 
drop across R will be positive at the ground and negative at 
the upper end. The control grid circuit of Tl is completed 
through the filter system of Rl, R@, Cl and C2, from the nega- 
tive end of R to ground and back to the cathode through RS. 
Thus, it will be controlled bythe A.V.C. action only when . 
the carrier signal on the plate D2 exceeds the "delaying volt- 
age" applisd to the cathode and there.is current in R. 


When the conditions are such that the input signal is not 
great enough to overcome the "delaying voltage", the tube T1 
will be negatively biased only by the drop across R3_and_ thus 
operates at its maximum efficiency. As we previously stated, 
the magnitude of the "delaying" voltage will depend on the de- 
sign-and-will vary in different receivers, 
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NUMBER OF TUBES CONTROLLED BY A.V.C. 


In our previous explanations, we told you that,the tubes con= 
trolled by A.V.C. were in the R.F. and I.F. stages. However, 
we said nothing about the number which were to be controlled 

and can add now that there is no definite set rule. In some 

receivers of low sensitivity, only one tube will receive the 

control voltage while in others of high sensitivity, as many 

as Tene tcbea Way be automatically controlled. 


This variation is due to a definite relationship between the 
number of tubes automatically controlled and the performance 
of the A.V.C. system with respect to a uniform audio output. 


To show you this relationship, we will assume a certain re- 
ceiver in which only one tube is controlled by A.V.C. In this 
case, we will say that a 2 to 1 increase in voltage output will 
be accompanied by a certain control voltage that will decrease 
the sensitivity of the receiver by a definite amount. The 
exact amount depends upon how much the gain of the controlled 
stage is influenced by the control voltage. 


Now, if in this same receiver two tubes, instead of one, are 
controlled, then the increased signal output required to pro- 
duce the same 2 to 1 voltage increase in output will have to 
be much greater. This is so because the sensitivity of the 
receiver is less than in the first case, as the gain of two 
tubes has been cut down. 


As a general rule, you will find the large receivers, with 
high sensitivity, employ A.V.C. on several stages while in the 
smaller receivers, with low sensitivity, only one or two stages 
will be controlled. 


We have now explained the action of the principal circuits 
found in the cammon types of Radio Receivers and therefore, 
for our next Lesson will show you how they are combined to 
make complete units which are used in Automobiles and D.C. or © 
A.C. house lighting circuits. 








GURE 2 


FI 


FIGURE | 












































































































































































































































































































































































































































































































































ANBYUND BLVId 








st 
bs 
x is 
Py 
~~ 
: ais 
& ‘ te 
es) =e 
Ste} 8 
| 
\ ae KB 
| t 
iS 
1 
. io) u - o 
(cauzaWviTin)-LNauEND BLvid 
2 
SEErenees 
H io 
HH 2 
roe it 
ey : 
w zm ict 
EH 3 ty ogy 
12 75 ios 
ere | 2 
i $m to 
PEACH & Hf 
Lite a I i$ 
f e 
co =) o ” vr n uu - co 











FIGURE 6 


FIGURE 5 
































































































































rs) 


“2 
GRID VOLTAGE 


=4 


FIGURE 8 


FIGURE 7 


FIGURE 10 












































i) 



























































iH 
1 
T 
aoe 
=2 
GRID VOLTAGE 



































+ 
1 

















EEE = i 
GAYadNVINNIW) -LN38uNd Bivig 


FIGURE 9 





FIGURE 12 
























































2 




















GRID VOLTAGE 


FIGURE 11 





4 

















" in - o 
(S3u3dNYOUSIN)-LNaUNd a1yd 





c2 


FIGURE 14 


Go 





Be 
FIGURE, 13 
FIGURE 15 


ait 





P25 


—————~ 


Lesson 25 Page 22 


Je 


10. 


QUESTIONS. AND ANSWERS 


What is the direction of plate. current in a diode tube? 
In a diode tube the direction of current is from the plate to 
the filament. 


Tf a4 volt A.C. is applied to the grid of Figure 5, between 
what values will the plate current vary? 
With 4 volts A.C. on the grid of Figure 5, the plate current 
will vary from .25 M.A, to 6.5 M.A. 

Ft ; 
What are the three methods of producing detector action? 
The three methods of producing detector action are the "Diode", 
"Grid Bias" and "Grid Leak and Condenser". 


Why is a bypass condenser used in the plate circuit of a detec- 
tor tube? “ 

A bypass condenser is used to provide a low resistance path 

for the radio frequency current in the detector plate circuit. 


Does the plate current increase or decrease when an A.C. volt— 
age is applied to the grid of a grid leak detector? 

When an A.C. voltage is applied to the grid of a Grid Leak 
détector, the plate current will decrease. 


What are the advantages of power detection? 
Power detection reduces distortion, reduces hum and other 
noises and thus improves the tone. 


What is the purpose of A.V.C.? 
The purpose of A.V.C. is to maintain an audio signal of uniform 
strength, regardless of the strength of the carrier. 


How does the A.V.C. action tend to control the sensitivity of 
a receiver? 

By varying the negative grid bias on one or more of the tubes 
preceding the demodulator, A.V.C. tends to control the sensi- 
tivity of the receiver. 


What is the purpose of an A.V.C. filter? 

The purpose of an A.V.C. filter is to separate the output of 
the A.V.C. rectifier so that its D.C, component is, available 
as a negative bias voltage. 


What is the main advantage of delayed A.V.C. over simple A.V.C.? 
The main advantage of delayed A.V. Re: is that it is inoperative 
at weak signal inputs. 


